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Antibiotic Prescribing and Associated Diarrhoea: A Prospective 
Cohort Study of Care Home Residents 
Abstract: 
Background: The risk factors for and frequency of antibiotic prescription and antibiotic associated 
diarrhoea (AAD) among care home residents is unknown. 
Aim: To prospectively study frequency and risks for antibiotic prescribing and AAD for care home 
residents. 
Design and setting: A 12 month prospective cohort study in care homes across South Wales. 
Method: Antibiotic prescriptions and the development of AAD were recorded on case report forms. 
We defined AAD as three or more loose stools in a 24 hour period occurring within eight weeks of 
exposure to an antibiotic. 
Results: We recruited 279 residents from ten care homes. The incidence of antibiotic prescriptions 
was 2.16 prescriptions per resident year (95% CI: 1.90 to 2.46). Antibiotics were less likely to be 
prescribed to residents from dual-registered homes (OR compared to nursing homes: 0.38, 95% CI: 
0.18 to 0.79). For those who were prescribed antibiotics, the incidence of AAD was 0.57 episodes per 
resident year (95% CI: 0.41 to 0.81 episodes). AAD was more likely in residents who were prescribed 
co-amoxiclav (HR = 2.08, 95% CI: 1.18 to 3.66) or routinely used incontinence pads (HR = 2.54, 95% 
CI: 1.26 to 5.13) and less likely in residents from residential homes (HR compared to nursing homes: 
0.14, 95% CI: 0.06 to 0.32). 
Conclusion: Residents of care homes, particularly of nursing homes, are frequently prescribed 
antibiotics and often experience diarrhoea following such prescriptions. Co-amoxiclav is associated 
with greater risk of AAD.  
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Key points 
1. Residents of care homes are frequently prescribed antibiotics and often experience diarrhoea 
following such prescriptions. 
2. Residents in nursing homes are at greater risk of developing AAD than those in residential homes. 
3. Co-amoxiclav is associated with greater risk of AAD.  
3 
 
Introduction: 
At least 4% of the UK population aged 65 or over live in care homes.[1, 2] Demand for long-term care 
in the UK is estimated to rise by up to 150% over the next 50 years.[3] 
Although data on infection prevalence in care homes are limited, prevalence studies suggest that 
between five and ten percent of residents in care homes will be receiving antibiotics for a presumed 
infection at any one time.[4, 5] Previous research suggests that primary care clinicians tend to view 
co-morbidity and older age as risk factors for poor clinical outcomes, and would prescribe antibiotics 
to individuals with these risk factors more quickly than they would to individuals without.[6] This 
antibiotic use will have consequences for residents quality of life, costs of care, and for subsequent 
infections that are antibiotic resistant.[7, 9, 10] However, up to 40% of antibiotics prescribed in care 
homes could be inappropriate. [8, 9, 10] There is limited evidence, particularly in routinely published 
data, of prescription rates by antibiotic class and indication. 
A side effect of antibiotic prescribing that may cause particular problems in care homes is antibiotic 
associated diarrhoea (AAD),[11, 12] and the incidence of AAD and associated risk factors are not well 
described for care home residents. 
Clostridium difficile (C. difficile) is a Gram-positive, anaerobic spore-forming bacteria that was 
identified in the late 1970’s and has recently been highlighted as a potential deadly threat to 
hospitalised patients and residents of care homes.[13, 14] C. difficile associated diarrhoea (CDAD) is 
the most commonly identified cause of AAD, and most cases of pseudomembranous colitis; it 
typically occurs in care homes among other settings.[15] 
Although in the majority of individuals full recovery is usual, elderly and frail individuals in particular 
may suffer loss of dignity, become seriously ill with dehydration, (as a consequence of the 
diarrhoea), and some may go on to develop pseudomembranous colitis. 
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Better knowledge of the incidence and risk factors for antibiotic prescribing and for the development 
of AAD and CDAD in care home residents is needed to inform interventions for promoting evidence 
based antibiotic prescribing and for avoiding important adverse effects.   
We therefore set out to prospectively study frequency and risks for antibiotic prescribing, AAD and 
CDAD for care home residents.   
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Methods: 
Study design, setting and participants 
This was a prospective cohort study conducted in care homes across South Wales, UK from 
November 2010 to March 2012. All care homes within South Wales were randomly ordered within 
three strata (nursing, residential, and dual-registered homes that provided both nursing and 
residential care). Homes were approached, and those that expressed an interest in participating and 
could nominate three or more staff in their home to take responsibility for conducting the study 
were recruited until at least three homes from each stratum had agreed to take part.  
Residents were eligible if they had been admitted to the home for more than 24 hours with a 
planned admission for longer than one month. There were no exclusion criteria. Capacity to provide 
informed consent was assessed by senior care home staff or nursing staff who had received relevant 
training. Informed consent was sought from residents with capacity. Where residents lacked 
capacity, advice was taken from an appropriate personal consultee (typically the next of kin or the 
person who visited most regularly) about whether the resident would wish to participate in the 
study.[16] Care home staff and the research team collected data on participating residents using 
Case Report Forms (CRFs). 
Data sources 
Baseline characteristics and medical history were collected for each recruited resident. All data were 
obtained from the care notes kept for each resident in each care home. Frailty status was assessed 
using the Clinical Frailty Scale (supplementary Box 1).[17] Nutritional risk status was assessed using 
the Malnutrition Universal Screening Tool.[18] At study entry, we also collected information on 
whether the resident usually had diarrhoea, a colostomy, a gastrostomy, faecal incontinence with 
loose stools and if they routinely used incontinence pads, active inflammatory bowel disease, 
compromised immunity, dysphagia, or compromised gut blood supply. We also asked whether the 
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resident had tested positive for C. difficile in the previous three months, and whether they had been 
admitted to hospital or prescribed antibiotics in the previous four weeks.  
All antibiotics prescribed for the resident after recruitment as part of their routine care were 
recorded on a CRF by care home staff. This included information on the generic name of the 
antibiotic, dose, route, frequency, duration, and indication.  
Following an antibiotic prescription, care home staff recorded the bowel motions of residents (time 
of stool and type of stool according to the Bristol Stool Chart[19]) for the period that antibiotics 
were prescribed, and for an additional eight weeks. We defined antibiotic associated diarrhoea 
(AAD) as three or more loose stools in a 24 hour period during this follow-up period.[20] Residents 
whose normal stool habits were three or more loose stools (Bristol Stool Chart type 5-7) in a 24 hour 
period did not have their diarrhoea attributed to antibiotic treatment. Where stool charts were 
returned with missing data we have assumed that an AAD episode had not occurred. AAD episodes 
were considered unique if they were separated by at least three days of no recorded diarrhoea. 
When loose stools occurred, stool samples were collected and sent to a central laboratory to test for 
C. difficile. 
Study size 
A minimum of 270 residents from nine care homes were required to fit a 95% confidence interval 
around an AAD rate of 25% +/- 10%. We estimated 40% of care home residents would be prescribed 
antibiotics in a 12 month period and that estimating an AAD rate of 25% would provide sufficient 
evidence that AAD is an important problem in care homes. 
Statistical methods 
Descriptive statistics were calculated for each care home type and overall using means (standard 
deviations), medians (interquartile ranges) and proportions as appropriate. 
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All incidence rates were calculated as per care home resident year. Clustering of antibiotic 
prescriptions and AAD by resident was explored and estimates were appropriately inflated.  
The risk of residents being prescribed antibiotics was estimated by fitting a logistic regression model, 
with results presented as odds ratios, 95% CIs, and p-values. 
The time from antibiotic prescription to first episode of AAD was estimated by fitting a two-level Cox 
proportional hazards model. Results are presented as hazard ratios with associated 95% CIs, and p-
values. 
In all regression models, variables were entered in the following blocks: stool monitoring 
characteristics (AAD models only), resident characteristics and care home characteristics. 
Explanatory variables were included if they were associated with their outcome at the 20% level in a 
univariable analysis, with variables removed from the final multivariable regression models if they 
were not significant at the 5% level and were of marginal significance (p-value > 0.1) in the 
univariable analysis. All relevant modelling assumptions were checked prior to reporting. Estimates 
from the regression models are presented from each stage of the multivariable model, with 
corresponding univariable estimates. Clustering by care home was investigated via multilevel 
analysis. However, owing to the small number of care homes, the models would not converge. 
Therefore the estimates presented are not adjusted for clustering at the care home level. 
The two-level Cox proportional hazards model was implemented using Stata version 10.0. All other 
analyses were performed using IBM SPSS Statistics 20. 
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Results: 
Care homes 
Eleven care homes were recruited in the study. However, one withdrew before any residents were 
recruited. Residents were therefore recruited from ten care homes; four nursing, four residential, 
and two dual-registered homes. Nine homes were privately managed and one managed by a Local 
Authority. The median number of beds was 39.5 (IQR: 31.0 to 50.0) and the median number of 
residents at the time of recruitment was 33.0 (IQR: 28.0 to 50.0). The median number of staff 
working in a care home over a typical 24 hour period was 16.0 (IQR: 14.0 to 25.0), with 20.5% (41) 
categorised as short term staff members (i.e. employed for less than 12 months). 
Participants 
Three of the 389 residents (or consultees) approached were ineligible and 107 declined 
participation. A total of 279 residents were therefore recruited (71.7%). 19 withdrew, 16 (84.2%) due 
to residents being moved to a non-participating care home. Five of the 19 residents who withdrew 
from the study also withdrew permission for data already collected to be used; therefore, our 
analyses are based on a maximum of 274 residents (Figure 1). There were 81 hospitalisations 
reported during the study period, with at least one hospitalisation reported for 58 (21.2%) residents 
(incidence rate of 0.14 hospitalisations per resident year, 95% CI: 0.09 to 0.20 hospitalisations). In 
total, 64 residents died during the study period. No deaths were deemed study related. Residents 
were observed for a median of 310 days (IQR: 230 to 364 days). 
Descriptive data 
Residents had a median age of 86 years (IQR: 82 to 90), with 20.4% (56) less than 80 years, 57.7% 
(158) between 80 and 90 years, and 21.9% (60) older than 90 years. 75.9% (208) were female. 
Overall, 28.5% (78) had capacity to provide informed consent for themselves. Few residents had any 
of the pre-specified relevant serious medical conditions. 7.7% (21) had faecal incontinence with 
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loose stools and 1.8% (5) had diarrhoea at baseline. 66.8% routinely used incontinence pads (183). 
13.5% (37) were classed by the clinical frailty score as ‘very fit to managing well’, 51.1% (140) as 
‘vulnerable to moderately frail’, and 35.4% (97) as ‘severely frail to terminally ill’. Nursing homes had 
more frail residents than residential homes. At baseline, 63.0% (172) were classified as having a low 
nutritional risk status, 14.3% (39) as medium risk, and 22.7% (62) as high risk. In the four weeks prior 
to recruitment, 6.9% (19) had been admitted to hospital and 20.8% (57) of residents were prescribed 
antibiotics (Table 1). 
Antibiotic prescriptions 
There were 609 antibiotic prescriptions recorded over the study period, with 73.7% of residents 
being prescribed at least one antibiotic course (202). We found an incidence of 2.16 antibiotic 
prescriptions per care home resident year (95% CI: 1.90 to 2.46 prescriptions). 
Antibiotics were prescribed for a median of 7.0 days (IQR: 6.0 to 7.0), with 14.7% (88) prescribed for 
less than five days, 74.9% (447) prescribed for between five and seven days, 6.7% (40) prescribed for 
between eight and ten days, and 3.7% (21) prescribed for more than ten days(we were unable to 
determine the length of course for 12 prescriptions due to transcribing errors). The proportion of 
antibiotics prescribed for each indication varied by care home type (Supplementary Figure 1, 
accessible on the journal website http://www.ageing.oxfordjournals.org/). There was also a wide 
range of antibiotics prescribed for each indication (Supplementary Figure 2, accessible on the journal 
website http://www.ageing.oxfordjournals.org/). While the total number of antibiotic prescriptions 
each month varied considerably (range 0.09 to 0.29 and average 0.21 prescriptions per resident), 
there was no obvious marked seasonal variation. 
Compared to nursing home residents, those from dual-registered care homes had a significantly 
lower chance of being prescribed antibiotics during the study period (OR = 0.38, 95% CI from 0.18 to 
0.79, p = 0.009). The odds of being prescribed an antibiotic during the study period were 2.64 times 
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higher for residents who had been prescribed antibiotics in the four weeks before study entry (95% 
CI from 1.17 to 5.99, p = 0.020). Exposure to antibiotics was similar in residents who were vulnerable 
to moderately frail or severely frail to terminally ill as in those who were very fit to managing well 
(Supplementary Table 1, accessible on the journal website http://www.ageing.oxfordjournals.org/). 
Antibiotic associated diarrhoea 
Three antibiotic prescriptions from two residents provided no corresponding stool monitoring data. 
From the remaining 606 antibiotic prescriptions there were 571 stool monitoring periods, ranging 
between one and 11 weeks. The discrepancy between the number of prescriptions and monitoring 
periods arose because residents could be prescribed multiple antibiotics in the same week (hence 
there was only one, ongoing monitoring period). There were 447 unique episodes of AAD reported, 
with 43.5% (87) of residents who were prescribed antibiotics experiencing at least one episode of 
AAD during the study period. There were 0.57 episodes of AAD per care home resident year for 
those prescribed antibiotics, 95% CI: 0.41 to 0.81 episodes. 
The rate of AAD was more than twice as high in residents who were prescribed co-amoxiclav (HR = 
2.08, 95% CI: 1.18 to 3.66, p = 0.011). Residents who routinely used incontinence pads also had a 
higher rate of AAD (HR = 2.54, 95% CI: 1.26 to 5.13, p = 0.009). Compared to residents in nursing 
homes, those in residential homes were significantly less likely to develop AAD during the study 
period (HR = 0.14, 95% CI: 0.06 to 0.32, p < 0.001) (Table 3). 
C. difficile associated diarrhoea 
Of the 447 unique episodes of AAD, only 55 had corresponding microbiological data from stool 
samples. Eight of the samples cultured C. difficile. C. difficile was also detected in a further five stool 
samples taken after residents experienced loose stools (i.e. BSC type 5 – 7 stools where the 
frequency of stools did not meet our definition of AAD).  The 13 samples were obtained from nine 
residents in the same care home. In total, 12 samples were toxin B positive and there were nine 
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different ribotypes (005, 010, 014, 020, 026, 027, 106, 160 and 193). No ribotype was found in more 
than one resident.  
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Discussion: 
Summary 
This study found that antibiotics were prescribed at a rate of 2.16 per resident year, with almost 
three quarters of residents prescribed at least one antibiotic course during the 16 month study 
period (310 day median length of follow-up). Residents were over two and a half times more likely to 
be prescribed antibiotics during the study period if they had been prescribed antibiotics in the four 
weeks prior to study entry. Residents were prescribed a wide range of antibiotics for each indication. 
The incidence of AAD in those prescribed antibiotics was 0.57 episodes per resident year, with 43.5% 
of residents prescribed antibiotics experiencing at least one episode of AAD. C. difficile associated 
diarrhoea (CDAD) occurred in less than 15% of residents who developed AAD and for whom a stool 
sample was sent for microbiological analysis. While all CDAD episodes were found in residents from 
the same care home, the unique ribotypes suggest that the episodes were not associated with an 
outbreak. Residents in nursing homes were more likely to be prescribed antibiotics and experience 
AAD. Residents were more likely to experience AAD if they had been prescribed co-amoxiclav or if 
they routinely used incontinence pads. 
Strengths and Limitations 
We conducted this study in a population and setting difficult to research,[21, 22] but we were able 
to estimate the rates of participation, antibiotic prescription and AAD. Despite needing to obtain 
advice about resident participation from consultees for the majority of participants in care homes, 
the recruitment target was achieved. Our study can be considered to have a low risk of bias because 
of relatively high inclusion rates in each care home and relatively complete follow up data.[23] 
Despite most residents lacking capacity to consent to inclusion in the study, a majority in each of the 
ten homes were included and the population is representative of those now living in care homes in 
the UK.[24, 25] While every effort was made to maintain the validity of the antibiotic and stool data, 
it is possible that this was not always achieved. Prescriptions during periods of hospitalisation were 
13 
 
not transcribed onto study CRFs; therefore the number of antibiotic prescriptions may have been 
under-reported. Antibiotic prescriptions that were not recorded for the purpose of the study may 
also have resulted in a lack of stool data for the defined follow-up period. It is therefore possible that 
we have underestimated the incidence of AAD. Residents who were recorded as routinely 
experiencing three or more loose stools in a 24 hour period before observations were started were 
not classed as experiencing AAD during the study. We assumed that if stool data were missing, AAD 
was unlikely to have occurred, but there may have been some episodes of AAD that were not 
recorded. Our approach has therefore provided a conservative lower-bound of estimated AAD in 
care homes. However given the observational nature of this study with no control group, and that 
we did not record episodes of diarrhoea in participants who were not prescribed antibiotics, it is not 
possible to state the direct cause of the diarrhoea. We are also unable to determine from this study 
whether diarrhoea was related to the illness itself rather than its management (i.e. the antibiotic 
prescription). While we found that residents in residential homes are significantly less likely to 
experience AAD than those in nursing homes, this may be in part due to the increased mobility, with 
associated less intense monitoring, of residents’ stools. We also found that residents were more 
likely to experience AAD if they routinely used incontinence pads. This may be a real effect, but 
could reflect easier observation and reporting of loose stool types, or be an artefact as a result of 
stool and urine mixing in an incontinence pad. That we only obtained microbiological data from 12% 
of diarrhoeal episodes limited the reliability of our estimation of CDAD.  
Comparison with existing literature 
Residents were predominantly aged 80 years and above, frail and at high nutritional risk. Levels of 
nutritional risk were similar to levels found in care homes in the 2011 Nutritional Screening 
Survey.[26] Residential, nursing and dual-registered homes were included, nearly all were privately 
managed, and some specialised in looking after the elderly mentally infirm. We found little seasonal 
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variation in antibiotic prescribing and AAD, consistent with the mandatory and voluntary surveillance 
data.[27] 
Our estimate of antibiotic prescribing is consistent with an estimate obtained from a study 
conducted in North Wales,[28] where 203 antibiotic prescriptions were recorded over a nine-week 
period in 15 nursing homes (giving an incidence rate of 2.3 antibiotic prescriptions per resident 
year). A study conducted in nursing homes in Sweden[29] found a rate of 0.51 antibiotic 
prescriptions per resident year.  
Estimates of AAD range from virtually zero in low risk groups to over 40% in those at higher risk, but 
these estimates are derived from control groups in trials of interventions for AAD, and not 
prospective observational studies such as ours.[30] A recently published trial of probiotics to prevent 
AAD in elderly hospitalised patients found that AAD occurred in 10.4% of patients randomised to 
placebo.[31] 
Implications for future research and practice 
Care home staff should weigh up the potential benefit a resident may receive from an antibiotic 
against the potential risk of side effects, such as diarrhoea and its consequences, from that 
antibiotic. When diarrhoea does occur, staff should more routinely send a sample for microbiological 
testing. Clinicians should ensure that their antibiotic prescribing is evidence based in this setting 
wherever possible. However, there is a paucity of evidence to support antibiotic prescribing in care 
home residents. Further research is needed to investigate the benefits of antibiotic treatment, and 
the development and evaluation of preventative strategies for AAD in this setting. 
  
15 
 
Additional information: 
Funding: This project was funded by the NIHR Health Technology Assessment programme and will 
be published in full in the Health Technology Assessment journal series. Visit the HTA programme 
website for more details: http://www.hta.ac.uk/project/2009.asp. The views and opinions expressed 
therein are those of the authors and do not necessarily reflect those of the Department of Health. 
The South East Wales Trials Unit is funded by NISCHR. 
The funding sources had no roles in data collection, analysis, or interpretation; report writing; or 
submission. All authors had full access to all the data in the study and take responsibility for the 
integrity and the accuracy of the data analysis. All authors had responsibility for the final decision to 
submit for publication. The manuscript is an honest, accurate and transparent account of the study 
being reported. No important aspects of the study have been omitted. 
Ethical approval: This study was approved by the South East Wales Research Ethics Committee Panel 
C (reference 10/WSE03/31). 
Competing interests: All authors declare: no support from any organisation for the submitted work; 
no financial relationships with any organisations that might have an interest in the submitted work 
in the previous three years; no other relationships or activities that could appear to have influenced 
the submitted work. 
Acknowledgements: We acknowledge the support provided for this study by the National Institute 
for Social Care and Health Research Clinical Research Centre (NISCHR CRC) and the colleagues from 
NISCHR and elsewhere not listed among the authors who assisted with data collection. We also 
acknowledge the staff of the Specialist Antimicrobial Chemotherapy Unit (SACU) and Anaerobe 
Reference Unit (ARU) for providing microbiological support to the study. We would also like to thank 
the staff and residents of the care homes that took part, without whom this study would have not 
been possible.  
16 
 
References 
1. Office of Fair Trading. Care homes for older people in the UK - a market study; 2005. 
2. Bajekal M. Consumer behaviour and care homes - a literature assessment. London; 2002. 
3. Wittenberg R, Comas-Herrera A, Pickard L, Hancock R. Future demand for long-term care in 
the UK. A summary of projections of long-term care finance for older people to 2051.; 2004. 
4. ECDC: Healthcare Associated Infections in European Long Term Care Facilities.  Bulletin; 3rd 
April 2011. 
5. Williams D. Prevalence Survey of Healthcare Associated Infections in Long Term Care 
Facilities (HALT study): Public Health Wales; 2012. 
6. Brookes-Howell L, Hood K, Cooper L, et al. Clinical influences on antibiotic prescribing 
decisions for lower respiratory tract infection: a nine country qualitative study of variation in care. 
BMJ Open 2012;2:e000795. 
7. van Buul L, van der Steen J, Veenhuizen R, Achterberg W, Schellevis F, Essink R, et al. 
Antibiotic use and resistance in long term care facilities. J Am Med Dir Assoc. 2012; 13(6). 
8. Benoit S, Nsa W, Richards C, Bratzler D, Shefer A, Steele L, et al. Factors associated with 
antimicrobial use in nursing homes: a multilevel model. J Am Geriatr Soc. 2008; 56(11): 2039-44. 
9. Warren J, Palumbo F, Fitterman L, Speedie S. Incidence and characteristics of antibiotic use 
in aged nursing home patients. J Am Geriatr Soc. 1991; 39(10): 963-72. 
10. Nicolle L, Bentley D, Garibaldi R, Neuhaus E, Smith P. Antimicrobial use in long-term-care 
facilities. SHEA Long-Term-Care Committee. Infect Control Hosp Epidemiol. 2000; 21(8): 537-45. 
11. Beaugerie L, Petit J. Microbial-gut interactions in health and disease. Antibiotic-associated 
diarrhoea. Best Pract Res Clin Gastroenterol. 2004; 18(2): 337-52. 
17 
 
12. McFarland LV. Epidemiology, risk factors and treatments for antibiotic-associated diarrhea. 
Digestive Diseases. 1999; 16(5): 292-307. 
13.  Fletcher KR, Cinalli M. Identification, optimal management, and infection control measures 
for 
Clostridium difficile-associated disease in long-term care. Geriatr Nurs 2007;28:171–81. 
14.  Monaghan T, Boswell T, Mahida YR. Recent advances in Clostridium difficile-associated 
disease. 
Gut 2008;57:850–60. 
15.  Berrington AW. National Clostridium difficile standards group: report to the Department of 
Health. 
J Hosp Infect 2004;56:1–38. 
16. Mental Capacity Act 2005. Code of Practice. London: TSO; 2007. 
17. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical 
measure of fitness and frailty in elderly people. CMAJ. 2005; (173): 489-95. 
18. Elia M. Screening for malnutrition: a multidisciplinary responsibility. Development and use of 
the ‘Malnutrition Universal Screening Tool’ (‘MUST’) for adults. MAG, a Standing Committee of 
BAPEN. 2003. 
19. Heaton KW, Lewis SJ. Bristol Stool Chart. Scand J Gastroenterol; 1997. 
20. Lewis SJ, Potts LF, Barry RE. The lack of therapeutic effect of Saccharomyces boulardii in the 
prevention of antibiotic-related diarrhoea in elderly patients. Journal of Infection. 1998; 36(2): 171-
4. 
18 
 
21. Hall S, Longhurst S, Higginson IJ. Challenges to conducting research with older people living 
in nursing homes. BMC Geriatr. 2009; 9(38). 
22. Zermansky AG. Including care home residents in clinical research is fraught. BMJ. 2005; 
331(7527): 1271–2. 
23. Higgins JPT, Green S, Collaboration C. Cochrane handbook for systematic reviews of 
interventions: Wiley Online Library; 2008. 
24. Lievesley N, Crosby G, Bowman C. The changing role of care homes. Centre for Policy on 
Ageing. 2011. 
25. Goodman C, Baron NL, Machen I, Stevenson E, Evans C, Davies SL, et al. Culture, consent, 
costs and care homes: enabling older people with dementia to participate in research. Aging & 
mental health. 2011; 15(4): 475-81. 
26. Russell CA, Elia M. Nutrition Screening Survey in the UK and Republic of Ireland in 2010. A 
report by the British Association for Parenteral and Enteral Nutrition (BAPEN) BAPEN, Redditch. 
2011. 
27. Health Protection Agency: Voluntary Surveillance of Clostridium difficile associated disease 
in England, Wales and Northern Ireland, 2012 2013  [cited 6th March 2013]; Available from: 
http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317138039648 
28. Roberts C, Roberts J, Roberts RJ. Survey of healthcare-associated infection rates in a nursing 
home resident population. Journal of Infection Prevention. 2010; 11(3): 82-6. 
29. Eklund Å, Hartvig P, Tverin I, Palm M, Sylvan S. Prevalence and Management of Infections in 
Nursing Homes in Uppsala County, Sweden. Ope n Longevity Science. 2008; 2: 96-9. 
30. Butler CC, Duncan D, Hood K. Does taking probiotics routinely with antibiotics prevent 
antibiotic associated diarrhoea? BMJ. 2012; 344: e682. 
19 
 
31. Allen SJ, Wareham K, Wang D, Bradley C, Hutchings H, Harris W, et al. Lactobacilli and 
bifidobacteria in the prevention of antibiotic-associated diarrhoea and Clostridium difficile diarrhoea 
in older inpatients (PLACIDE): a randomised, double-blind, placebo-controlled, multicentre trial. The 
Lancet, 382(9900), 1249-1257.  
20 
 
Tables and Figures 
Figure 1: STROBE flow diagram 
 
 
*Some prescriptions overlapped in time and so did stool monitoring periods in these instances. 
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Table 1: Resident characteristics at study entry by care home type 
Care  
home type (no. 
residents) 
Age* 
Gender 
(male)† 
Capacity to 
provide 
informed 
consent for 
study† 
Admitted to  
hospital in  
last 4 weeks† 
Prescribed 
 antibiotics in 
 last 4 weeks† 
Routinely wear 
incontinence  
pads†‡ 
MUST :  
Low risk†§ 
MUST: 
 Medium  
risk†§ 
MUST: 
High risk†§ 
Clinical 
frailty 
 score 
 of 1-3†|| 
Clinical 
frailty 
score  
of 4-6†|| 
Clinical 
frailty  
score  
of 7-9†|| 
Nursing 
(n = 87 ) 
87.0 
(83.0, 91.5) 
26  
(29.9) 
25 
(28.7) 
11 
(12.6) 
17 
(19.5) 
66 
(75.9) 
55 
(64.0) 
9 
(10.5) 
22 
(25.6) 
2 
(2.3) 
42 
(48.3) 
43 
(49.4) 
Residential 
(n = 87 ) 
85.0 
(76.5, 89.0) 
19  
(21.8) 
33 
(37.9) 
6 
(6.9) 
18 
(20.7) 
39 
(44.8) 
58 
(66.7) 
14 
(16.1) 
15 
(17.2) 
22 
(25.3) 
47 
(54.0) 
18 
(20.7) 
Dual-registered 
(n = 100 ) 
85.0 
(82.0, 90.0) 
21  
(21.0) 
20 
(20.0) 
2 
(2.0) 
22 
(22.0) 
78 
(78.0) 
59 
(59.0) 
16 
(16.0) 
25 
(25.0) 
13 
(13.0) 
51 
(51.0) 
36 
(36.0) 
Overall  
(n = 274) 
86.0 
(82.0, 90.0) 
66  
(24.1) 
78 
(28.5) 
19  
(6.9) 
57 
(20.8) 
183 
(66.8) 
172 
(63.0) 
39 
(14.3) 
62 
(22.7) 
37 
(13.5) 
140 
(51.1) 
97 
(35.4) 
*Median (IQR) 
†Number (% of residents) 
‡Wears incontinence pads for more than half the week 
§Malnutrition Universal Screening Tool (MUST). Calculated using BMI (weight(kg)/height(m)2), unplanned weight loss (% of total body weight) in past 3-6 months, and noting if the resident is acutely ill and there has 
been / is likely to be no nutritional intake for > 5 days. Scores summed to give total MUST score. 0 = low risk; 1 = medium risk; 2+ = high risk. 
||Clinical Frailty Score: 1 – very fit; 2 – well; 3 – managing well; 4 – vulnerable; 5 – mildly frail; 6 – moderately frail; 7 – severely frail; 8 – very severely frail; 9 – terminally ill 
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Table 2: Factors associated with time to first antibiotic associated diarrhoea episode (based on 571 
stool monitoring periods nested within 200 care home residents) 
 
Variable 
Univariable 
Multivariable 
Stool monitoring 
period 
characteristics 
With resident 
characteristics 
With care home 
characteristics 
HR  
(95% CI) 
p-value 
HR  
(95% CI) 
p-value 
HR  
(95% CI) 
p-value 
HR  
(95% 
CI) 
p-value 
Prescribed Co-
Amoxiclav during 
stool monitoring 
period 
2.13 
(1.20-
3.78) 
0.010 
2.13 
(1.20-
3.78) 
0.010 
1.96 
(1.11-
3.47) 
0.020 
2.08 
(1.18-
3.66) 
0.011 
Resident 
frequently used 
incontinence 
pads at study 
entry 
4.04 
(2.04-
7.99) 
<0.001   
3.80 
(1.87-
7.70) 
<0.001 
2.54 
(1.26-
5.13) 
0.009 
Clinical frailty: 
very fit to 
managing well 
Reference category for clinical frailty 
Clinical frailty: 
vulnerable to 
moderately frail 
4.60 
(1.50-
14.07) 
0.007   
3.76 
(1.19-
11.85) 
0.024 
2.49 
(0.78-
7.94) 
0.124 
Clinical frailty: 
severely frail to 
terminally ill 
4.58 
(1.44-
14.50) 
0.010   
2.98 
(0.91-
9.78) 
0.071 
1.75 
(0.50-
6.09) 
0.381 
Care home type: 
nursing 
Reference category for care home type 
Care home type: 
residential 
0.10 
(0.05-
0.23) 
<0.001     
0.14 
(0.06-
0.32) 
<0.001 
Care home type: 
dual-registered 
0.80 
(0.44-
1.47) 
0.476     
0.82 
(0.43-
1.57) 
0.547 
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Supplementary Figure 1: Reason for antibiotic prescriptions by care home type 
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Supplementary Figure 2: Type of antibiotic prescribed by indication 
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Supplementary Table 1: Factors associated with being prescribed antibiotics during the study period 
(based on 274 care home residents) 
  
  
Variable 
Univariable 
Multivariable 
Resident characteristics 
With care home 
characteristics 
OR  
(95% CI) 
p-value 
OR  
(95% CI) 
p-value 
OR  
(95% CI) 
p-value 
Clinical 
frailty: very 
fit to 
managing 
well 
Reference category for clinical frailty 
Clinical 
frailty: 
vulnerable to 
moderately 
frail 
2.14 
(0.99-4.65) 
0.054 
2.15 
(0.98-4.71) 
0.057 
1.88 
(0.84-4.23) 
0.127 
Clinical 
frailty: 
severely frail 
to terminally 
ill 
1.58 
(0.71-3.51) 
0.263 
1.67 
(0.74-3.75) 
0.218 
1.33 
(0.56-3.16) 
0.525 
Prescribed 
antibiotics 
four weeks 
prior to 
study entry 
2.56 
(1.15-5.72) 
0.022 
2.55 
(1.14-5.72) 
0.023 
2.64 
(1.17-5.99) 
0.020 
Care home 
type: nursing 
Reference category for care home type 
Care home 
type: 
residential 
0.48 
(0.23-0.99) 
0.048   
0.49 
(0.22-1.09) 
0.080 
Care home 
type: dual-
registered 
0.39 
(0.19-0.79) 
0.009   
0.38 
(0.18-0.79) 
0.009 
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Supplementary Box 1: Description of scores on the Clinical Frailty Scale 
1 – Very fit: People who are robust, active, energetic and motivated. These people commonly 
exercise regularly. They are among the fittest for their age. 
2 - Well: People who have no active disease symptoms but are less fit than category 1. Often, they 
exercise or are very active occasionally, e.g. seasonally. 
3 – Managing well: People whose medical problems are well controlled, but are not regularly active 
beyond routine walking. 
4 - Vulnerable: While not dependent on others for daily help, often symptoms limit activities. A 
common complaint is being “slowed up”, and/or being tired during the day. 
5 – Mildly frail: These people often have more evident slowing, and need help in high order IADLs 
(finances, transportation, heavy housework, medications). Typically, mild frailty progressively 
impairs shopping and walking outside alone, meal preparation and housework. 
6 – Moderately frail: People need help with all outside activities and with keeping house. Inside, 
they often have problems with stairs and need help with bathing and might need minimal assistance 
(cuing, standby) with dressing. 
7 – Severely frail: Completely dependent for personal care, from whatever cause (physical or 
cognitive). Even so, they seem stable and not at high risk of dying (within ~ 6 months). 
8 – Very severely frail: Completely dependent, approaching the end of life. Typically, they could not 
recover even from a minor illness. 
9 – Terminally ill: Approaching the end of life. This category applies to people with a life expectancy 
<6 months, who are not otherwise evidently frail. 
